ABSTRACT
INTRODUCTION
functioning of the GIT, it is important to maintain a balance of the different 6 organisms. This appears to be difficult due to various factors such as eating 7 patterns, improper use of antibiotics and stress, all of which tend to favour the 8 rise of pathogenic microorganisms and a decrease in beneficial microbes (Fooks 9 and Gibson, 2002; McFarland and Dublin, 2008) . Therefore, to maintain balanced 10 microbial consortia in the GIT, beneficial organisms are often administered to 11 individuals as 'probiotic organisms'. Probiotic organisms are defined as live 12 organisms that confer health benefits to the host when administered in adequate 13 amount (Reid et al., 2003) . Most of the studied probiotic organisms include Although there is a lot of evidence in the literature on the benefits of probiotics, 22 there remains an uncertainty about the usefulness of these bacteria. This food products as dry cultures prepared mainly by freeze drying, as they are easier 6 to handle when freeze dried. However, the procedures used to prepare freeze 7 dried probiotic bacteria are detrimental to cell structure and viability (Saarela et 8 al., 2005) . Furthermore, the nature of the food or drink product into which the 9 probiotic microorganism is introduced is generally limited to milk based products 10 which maintain a weak acidic environment tolerated by the microorganisms.
11
Even under these conditions, shelf life is still restricted. conditions and the cell pellets were obtained after centrifugation and washing 24 with PBS. The cell pellets were suspended in 1 ml PBS and these cell All experiments were performed in triplicate and results were analysed using longum cells showed only around 0.5 log CFU/ml and 1.1 CFU/ml log reductions 10 in viable cells, respectively, after 13 days of storage at 4 ºC. On day 39, viable 11 counts of around 6.6 log CFU/ml and 6.5 log CFU/ml were observed for 12 immobilised B. breve and B. longum cells respectively, indicating a reduction of 13 approximately 2.1 log CFU/ml and 3.2 log CFU/ml, respectively (Figures 1 and   14 2). were discontinued as the cell concentrations of both strains fell below the FAO 7 recommended value of 6 -7 log CFU/ml. 
pH and organic acid concentration of juices

10
The pH of fresh orange juice, with no cells added was 3.91 ( 193 mg/l, respectively, after 39 days of storage at 4 ºC ( Table 2) .
The concentrations of citric acid and malic acid in the fresh orange juice were 7 around 9.9 g/l and 3.8 g/l respectively. After 39 days of storage the difference in of malic and citric acid compared to that of fresh juice (P > 0.05) ( Table 2) . 13 
14
The concentrations of citric, malic and ascorbic acids in pomegranate juice stored 15 at 4 °C for 39 days are shown in Table 3 . Contrary to the observations in orange 16 juice, no reduction in the ascorbic acid concentration was observed in the 17 pomegranate juice with free and γ-PGA-immobilised cells (Table 3 ). The 23 The effect of 2.5% γ-PGA immobilisation on the survival of B. longum and B. Rasic, 1991) on day 11 (< 5 log CFU/ml). In contrast, γ-PGA-immobilised cells 24 survived well for 39 days in orange juice with viable cell concentrations of 6.48 25 16 log CFU/ml and 6.61 log CFU/ml for B. longum and B. breve respectively. In ~8 log CFU/ml and ~0.8 log CFU/ml in pomegranate and orange juice 6 respectively within 1 week of storage at 4 ˚C (Delete). The poor survival of 7
Protection of probiotic cells in simulated gastric juice
Bifidobacteria in pomegranate juice compared to orange juice may be due to its 8 higher acidity most likely due to the much higher level of citric and malic acid 9 (Tables 2 and 3 ). This high acidity which is likely to have resulted in the sharp 10 decrease in viability may also be responsible for the lack of oxidation of ascorbic 11 acid by the cells. Thus, no reduction in the acid content was observed in 12 pomegranate juice after 39 days compared to orange juice. The higher ascorbic 13 acid concentration in orange juice (Table 2 ) may also aid Bifidobacteria survival. Johanningsmeier and Harris, 2011). 21 22 This experiment showed that orange juice has more potential as a vehicle for the 23 delivery of probiotics compared to pomegranate juice. However, t he addition of 24 probiotics to pomegranate juice will help increase its present therapeutic other biocompatible polymers such as polyglycerol sebactae (PGS) (Delete).
